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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

SAFETY EFFECTIVENESS EVALUATION
Adopted: April 3, 1981 .

THE IMPROVEMENT OF NIGHTTIME CONSPICUITY
OF RAILROAD TRAINS

INTRODUCTION

The most prevalent type of railroad accident fs a collision between a train
and a motor vehicle ai a railroad-highway grade ornssing, This type of secident
annually accounts for about 900 fatalities, 12,000 accidents, 4,000 injuries and
property damage in excess of $300 million. Railroad-highway grade crossing
aceidents involve both collisions where the train strikes a motor vehicle and where
a motor vehicle strikes the side of a train. This report Is concerned only with the
nighttime aespect of the latter problem, namely motor vehicles striking trains in
darkness,

Accidents in which a motorist strikes a train that is occupying a grade
crossing during hours of darkness have involved about 1,807 collisions each year
resulting in 140 persons killed and 800 injured. (See figure 1.) There is adeguate
evidence to sugygest that this type of accident is strongly influenced by motorists’
inability to perceive the presence of trains in crossings because trains lack
conspleuity 1/within their environment; the sides of trains are normaily dark in
eolor, unlighted, and without light-reflecting devices. 2/ However, the problem g
known &nd countermeasures are available,

Grade crossing separation, the ideal solvtion to eliminating grade crossing
accidents, is costly, The average cost is about $1.5 million per separation, and anly
a limited number of these improvements are made each year, according to a recent
General Accounting Office (GAO) eudit. The audit found that funding by the
Pederal Highway Administration (FHWA) to the States for grade separation totaled
only $17.5 million for the years 1975 to 1977, Additionally, only 11 of the 50
States had undertaken mejor separation projects of $50,620 or more. The cost (0
close or separate all crossings nationwide would be in the billions of dollars, Grade
separation on a large scale, therefore, is neither economically feasible nor
reasonable as & major element in reducing grade crossing accidents.

1/, " this evaluation, "conspicuity" and "visibility" are used iaterchangeably to
de%rxbeisthe chacracteristic of an object that makes it readily seen and perceived by
a motorist

2/ Yarlous materials including plastic tape, sheeting, special paint, and plastic
lenses which are designed to reflect light are considered as "reflecting davices,
"Examples of reflectorized material use includa reflectorized license plates,
highway 3igns and markings, end disabled motor vehicle warning devices,
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Figure 1.-~Jn November 1979, an automobile struck the side of this train in a

nighttime accident at Salida, Californin, and derailed 31 loaded freight cars, 1 of

which was carrying chlorine. Fortunately, the chlorine did not escape.’ The

automobile driver was killed and the three passengers were injured. Over
$1 million in property damage was sustsined in this aceident.
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Federal efforts to reduce grade crossing accidents during the 1970's focused
on the cevelopment and installation of active or passive warning systems to clert
highway users to the accident hazeed at grade crossings. Active warning systems
use devizes such as gates and flashing lights, and passive warning systems use
devices tuch as posted advance warning siyns, pavement markings, and roadside
crossbucka, (See appendixes A and B3.) Typically, the average coat of signal light
installations is about $32,000, and gates with lights cost about $52,006. From
fiscal year 1974 to fiscal year 1979, the Federal funds obligated from railroad
crossing improvement grants for such protection devices provided for only 10,000
improvement projects, About 22 peircent of the 217,000 public crossings in the
United States are enuipped with automatic, active devices; 70 percent are equipped
with passive devices; and 7 percent are unmarked. Thus, at about three-fourths of
the crossings, if the motorist falls to see the advance warning signals or the
crossbucks, if any, there is no fail~sufe system to provide timely warning ot the
actual presence of a train on the crossing or the approach of one if the train itself
is not readily apparent. Federal Railrcad Administration (FRA) accident data show
that 46 percent of crossing accidents ocrur at locations with active signa's. 3/

In 1976, the U. S, Department of Transportation (DCT) published the National
Highway Safety Needs Report which estimated the cost and future effectiveness of
numerous safely countermaasures, either proposed cr currenily underway. The
programs were ranked in several ways, including fatality reduction for "Raiiroad-
Highway Grade Crossing Protection, excluding automatic gaies." When ranked by
decreasing cost effectiveness for total fatalities over a lf-year period, it ranked
35 among 37 countern.casures for the highway program. The projected cost for
this program (in 1976 dollars) was $974 million and the projected benefit was 276
lives saved.

The Federal-Aid Highway Aets of 1973 and 1976 and the Highway Safety Act
of 1978 authorize $1.35 billion for reil-highway safety through fiscal year 1982.
Funds for such improvement, however, are authorized only for public tighway
grade crossing safety. This exciudes the 141,000 private grade crossings, over a
third of all the grade crossings.

As early as 1938, researchers noted that it was twice as likely that an
antomobile would strike a train at night as in the daytime, In 1941, researchers
found that only 4 percent of grade crossing accidents in which an automobile struek
a train occurred during daylight. At night, 36 percent of these grade crossing
accidents happened in this manner. 4/ In 1952, another study showed that the risk
of a moter vehicle running into the side of a train was eight to nine times greater
at night than in daylight, The study concluded that the drivers did not see the
trains in time to prevent the accidents. 5/

3/ Federal Railroac Administration, Railroad Highway Grade Crossing Accident
Statistics, 1979.

4/ A.R. Lauer ané E. H. Silver, "Survey of Research on Night Driving in Relaticn to
Vision," Optometriec Weekly, March 1941,

5/ H. J. Stedler and A. H. Lauer, "Effective Use of Reflectorized Materials on
Railroad Boxears," Hlighway Research Board Bulletin, No. 89, 1954.
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PRA statistics for 1978 for accidents involving motor vehicles running into
trains at dawn, dusk, and night indicated that there are six times as many vehicles
hitting standing trains at night as in the daytime. The statistics showed that no
persons were Killed in daytime accidents of this type while 18 were killed at night.
There were 8.5 times as many persons injured and kiiled in such lower visibility
azcidents than in daytime aceidents,

Conditions such as fog, rain, snow, haze, and even smoke can diminish a
driver's ability to see and perceive a train. Such reduced visibility conditicns are
not uncommon, In 1979, there were 1,832 accidents in which a motor vehicle
stevek a train during nighttime conditions, Of the 1,832 accidents, 1,458 (78.6
percent) occurred in clear or cloudy conditions while only 181 (9.9 percent)
occurred in rain, 100 (5.5 percent) in fog, 84 (4.6 percent) in snow, and 9
(0.4 percent) in sleet.

Of the 1,832 accidents, only 659 were reported to be at crossings with some
form of {llumination. Statistics also show that 44.4 percant of the persons injured
and killed were involved in &ceidents where the train was either stopped or
traveling under 10 mph,

The FRA has been aware of the problem of motor vehicles striking trains at
night fo: many years. It has studied the overall grade erossing accident problem
repeatedly and developed research results that suggest that reflectorizing the sides
of train cars would be beneficial. In spite of the positive results of its own
research, however, the FRA has not targeted the prcblem of the nighttime
accident in which a motor vehicle strikes a train for a specific countermeasure
program. In 1978, the GAO criticized the DOT for not providing sufficient
guidance to warn or protect motorists where railroads cut across public
highways. 6/

It is apparent that nighttime accidents at grade crossings where a motorist
strikes a train could be decreased by improving the motorist's perception of a train
crossing the highway. Specific attention in this repocrt is given to a method of
improving train conspicuity at all railroad-highway crossings: reflectorization of
the railroad rolling stock. Legislation to require train car reflectorization has been
considered periodically by the Congress, but it has not been passed, largely because
of the alleged high cast of reflectorization, questions about the effectiveness of
refleatorized materials un railroad cars, and possible installation and maintenance
problems.

RBFLECTORIZATION

The safety benelits of transportation vehicle reflectorization have been
recognized for many years in the United States. The use of reflective materials ¢+
eniance motorist awareness of potential hazards has gradually gained in
acceptance as its effectiveness in reducing aceidents has been substantiated. i\
pionzer study to measure the benefit of reflective markings on highway vehicles,

8/ General Accounting Oifice Report No CEI, 78-83, “Railroad Crossing
Safety--At What Price?" April 25, 1978,
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performed by a bus company in the late 1940's, revealed a reduction in aceidents in
which a bus was struck by another vehicle. 7/ A 1957 study made after tae U.S.
Post Office Department changed the colors of its vehicle fleet from olive drab to
red, white, and blue (the red was reflectorized tape) coneluded that "the difference
between the two groups was most pronounced for accldents where other vehieles
rear-ended the postal vehicles (50 such accidents for the olive drab group, and 24
for the red, white, and blue group)," 8/

Since 1971, in England, heavy goods vehicles (those over 3 tons unleden) have
been required to display distinctive rear markings of reflective materisl to improve
nighttime conspicuity. A 1976 evaluation of the effects of the British regulation
found that nighttime rear-end accidents on nonilluminated rural roads involving
parked, heavy goods vehicles had a statistically significant reduction. 9/

The U.S. DOT's National Highway Traffic Safety Administration (NHTSA) is
seeking ways to make commercial heavy-duty trucks and trailers more
conspicuous. The agency has reviewed 400,000 accidents that occurred from 1967
to 1975 and concluded that the major cause of those aceidents was the iaability of
the driver of the striking vehicle to see the truck. There were 20,009 fatalities,
250,000 iniuries, and an estimated $1 billion in property damsge in those accidents,
Analysis of the NHTSA's Fatal Accident Reporting System (FARS) data for 1977
revealed that most rear-end and sice collisions of automobiles with tractor-
semitrailers occur at night. One theory is that the automobile drivers do not sce
the semitrailers soon enough to avold striking them and that making the
semitrailers more visible at night should prevent some car-into-trailer
collisions. 10/ In an attempt to solve the problem, ‘he NHTSA is evaluating

possible changes in the number and types of lamps as well as the use of reflective
markings on trucks and trailers.

A 1970 review of literature on nighttime conspicuity and the effect of
reflectorization stated that reflectorization is "theoretically &n effective meuns of
increasing th: nighttime conspicuity of vehicles, and available empirical data
gencrally support that concept.” The review also noted that reflectorization as an
aid for increasing conspicuity and safety has been applied to a wide range of
vehicles, including trucks, buses, motorcycles, bieyeles, and railroad boxears, 11/

7/ A.Z. Proulx, 3M Corporation Internal Publication, 1959,

8/ FPsul Green, et. al,, "Accidents and the Nighttime Conspieuity of Trucks,"
Highway Safety Ruesearch Inctitute [ HSRI], UM-HSRI-79-92, January 1980,

9/ Transport and Road Research Laborafory, Crowthorne/England, "The Effects of
Resr Merkings on Rear Impact Accidents Involving Heavy Goods Vehiclas," 1976,
10/ M. S. Kubacki, "Collisions of .ars with Tractor-Samitrailers,’ The HSRI
Research Review, Volume 10, No. 3, November-December 1¢79.

11/ Michael Sivak, "A Review of Literature on Nighttime Conspicuity and Effects
of Reflectorization,” The HSRI Research Review, Volume 10, No, 3, November-
December 1879,
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The American eautomotive industry, through the Motor Vehicle Manufacturers
Association, has sponscred independent research on car-into-truck acecidents at the
Highway Safety Research Institute (HSRI) of the University of Michigan., The
purpose of the research was to "determine if enhanced truck conspicuity, making
vehicles more visible and recognizable, could be expected to reduce car-into-truek
accidents which often involve underride.” In a December 1980 letter to the Safety
Board, the Motor Vehicle Manufacturers Association summarized the research
results:

0 Most of the fatal collisions occur at nighttime,
0 Semitrailer conspicuity is a problem,

Collisions could be prevented with the use of additional
lights or reflective materials,

Conspicuity at night is enhanced if luminance is inereased
by reflectors.

Research drivers could see a parked nonreflectorized semitrailer
at 300 to 400 feet under low headlight beams, and at 1,000 feet
when reflective materisl was applied,

Research drivers paid more attention to the reflectorized
trailers than those that were not reflectorized.

Car-into-truck collisions can be reduced if truck and treiler
conspicuity is enhanced.

Reflective surface, size, coler, and configuration need
further research.

In 19723, an extensive study of reflectorization was undertaken by the
National Bureau of Standards for the FRA, The report, unpublished by the FRA,
concluded thet reflectorization of railroad rolling stock would be cost beneficial
even if the reflectors were only 75 percent affective. The installation cost of
reflectors on all existing rail equipment was computed to be $15 million--an annual
cost of $3 million for the expected §-year life of the equipment. The study stated
that annual benefits would total $6 million in reduced loss of life, injuries, and
property damage. 12/

12/ J. Richard Lepxowski and William F. Mullis, "Consideration for Improving the
Conspicuity of Railroad Rolling Stock," Phese V KReport FRA-AR 20033, prepared
by the National Bureau of Standards, September 1973.
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Arother study, completed in 1975 by the DOT Transportation Systems
Center, developed guidelines for improving the ccnspicuity of trains at grade
crossings. The study suggested an estimated benei:t of $16 million per year at an
estimated annual cost of $500,000 per year. These figures indicated a benefit/cost
ratio of 20. The study indicated that use of reflective paint for required labeling
and other markings appears to be an efficient technique to improve the visibility of
railroad freight equipment. The study suggested that a reflectorization program
could be expected to yield substantial benefits. 13/

The most recent research, 14/ completad in 1979 by the FRA but unpublished,
concluded that a reflectorization program would show an expected benefit/cost
ratio of 1.6 to 3.5, depending on whether the low or high cost estimate is used. The
maximum annual benefits possible from reflectorization, the study concluded,
would be the avoidance of 817 eccidents, 48 fatalities, and 329 injuries annually.
The report explored reflector effectiveness in great detail. It showed that sides of
railroacd cars would be wisible at distances up to 1,000 feet if illuminated by
low~-beam lights, and up to 2,000 feet if illuminated by high-beam lights, 't
concluded that these distances would allow for the safe stopping of the motoring
public under most conditions c¢xperienced at grade crossings. The maximum
stopping distance required for most vehicles and highwey driving speeds was
computed to be 500 feet.

The FRA report also estimated that the cost of a reflectorization program
for the entire railroad fleet in 1977 dollars would annually range from $2.7 to $5.8
million over a 10-year period. ‘This cost included initial materials and installation,
annual replacement of reflectors destroyed by vandals or train operation,
maintenance, cleaning, and orogram implementation. The report also estimates
that 27 deaths per year would be prevented at crossings with passive protection and
21 at crossings with active protection. The expenditure of up to $5.8 million,
therefcre, would equate to 480 lives saved over a 10-year period.

The FRA report also computed nighttime visibility distances for
nonreflectorized railroad cars of the common railroad colors--black, red, and
white. It concluded that a motorist who approached grade crossings with low-beam

headlights would not see the rail equipment in time to make a safe stop at speeds
as iow as 20 mph. The report concluded that visibility ranges of nonreflectorized

railroad cars were significantly shorter than the visibility ranges of those that are
reflectorized.

Another study performed for the FRA, which cited work completed by the
Canadian National Reailway, showed that dirt and grime can build up on the
reflectorized material and that the rcflectors will have to be cleaned at least once

13/ John B. Hopkins and A. T. Newfell, "Guidelines for Enhancement of Visual
Conspicuily of Trains at Grade Crossings,” Report No. ORD 75-71, Transportation
Systems Center, May 1875.

14/ Richard G. McCinnis, "The Benefits and Costs of a Program to Reflectorize the
U.S. Fleet of Railroad Rolling Stock,” Report No. FPRA-OPPD-79-12, Bucknell
University, January 1979.
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every 1 or 2 years. 15/ However, the study was based on the use of Automatic Cer
Identification (ACI) labels on railroad cars using engineering-grade reflective
material. The ACI labels, small areas of reflectorized material with complex
patterns, were part of a national automated program to identify freigh! eqiipment,
Using reflective material for safety purposes would probably require larger area
applications and dirt and grime accumulations are not likely to be so critical. In

addition, a high-intensity reflector material has been developed which requires 'ess
frequent cleaning maintenance.

Another recent research summary, 16/ which addressed truck markings and
conspiciity, indicated that long-term agingz and loss of original brightness due to
dirt accumulation would be 33 percent. In this research, the effectiveness of
brightness levels of 1/3 and 1/9 brightness was compared with that of the original
material. Although some loss of performance was noted, even at 1/9 original

brightness, detection and shape recognition could be made from about 1,560 feet
away.

The state-of-the-art of reflective materials has improved substantially over
the past 10 years. The quality and effectiveness of the reflective paints, tapes,
sheeting, and hard (plaastic) reflectors (see figures 2 to 7), coupled with relative low

cost, easy application, long-term wear, and reliability, have made these devices
cost-effective for safety applications.

Reflectorization has been mandated by the Consumer Product Safety
Commission on bieyeles and by the DOT on motor vehicles and as warning devices
for certain disabled or stopped vehicles, The FHWA's Manual on Uniform Traffic
Control Devices (MUTCD) also requires that all highway regulatory and warning
signs, road delineators, and pavement markings, as well as railroad crossing signs,
pavement markings, and gates, be reflectorized. (See appendix B.)

The 1979 MeGinnis study for the FRA indicated that while the effectiveness
of reflectors are reduced by visibility conditions, they ere invariably more visiole
than nonreflectorized objects, The study reported that "reductions in reflector
illuminance caused by light haze conditicns (corresponds to a 5-mile daytime
visibllity condition) are thus 6.6 percent, 8,7 percent, 10.7 percent, and 12,7
percent for vehicle-reflector separations of 300 ft (31 m), 400 ft (122 m), 500 ft
(152 m) and 600 ft (183 m) respectively.” Additionally, the research indicated that
of all grade crossing accidents reviewed 2 the study, only 7.3 percent had an
sdverse weather factor that would have significantly affected reflector

el’ectiveness, In caleulating the benefits of reflectors, the researcher did not
include accidents affected by adverse weether,

15/ Hector C. Ingrao, "Optical Automatic Car Identification (OACI): Optical
Properties of Labels," Federal Railroad Administration, June 1977,

16/ R.C. Vanstrurn and R.L. Austin, "Truck Markings and Conspicuity: A Report on
Two Demonstrations," 3M Company, September 1979,
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Actions to improve the conspicuity of trains have been undertaken volustarily
by a number of railroads, including but not limited to Amtrak, the Atchinson,
Topeka and Senta Fe (Santa Fe); the Burlington Northern; the SOU Line; the
St. Lawrence Railway; and the Cenadian railroad systems. Amtrak indicated to the
Safety Board staff that the reflective tape applied to ils passenger trains is for
safety purposes, particularly to make its equipment visible at night. The Santa Ye
has applied reflective panels (6 inch by 6 inch every 8 feet) on new and rebuilt
equipment. The number of Santa Fe units with reflective material was estimated
at 20,000. Tie SOO Line has applied reflective material to its equipment for
advertisement purposes, improvement of nighttime yard operations, and for safety.
Although none of the railroads had completed any formal evaluaticn of reflective
materia's, two of the railroads (Amtrak and SOO Line) indicated complete
satisfaction with their reflectorizaiion prograrns. The SOO Line official stated
that some reflective material applied in the mid-196C's was still performing
adequately and that SOO Line had no maintenance problems with its reftective
materials. Amtrak incicated similar experience,

Some railroads are opposed to train car reflectorization. One railroad has
cited & 1963 study that indicatd no bencfite would be deriveu from
reflectorization. 17/ In April 1965, the National Association of Reilrcad and
Utility Coinmissioners oppcsed a bill proposed by Congress for train car
reflectorization. On the other hand, officials from two rallroads who have
examined research on reflectors did not reject the potential safety benefits.
Indeed, one reviewer has stated: "The reflector:zation of rallroad rolling stock
appears to me to be a good idea." 18/

The Association of American Railroads (AAR) did not have a documented
position or any research on this safety issue. However, an AAR safety official has
informally said that he does not believe that, in general, the benefits of
reflectorization justify the cost.

The FRA already has recognized the need to improve the conspicuity of the
trailing end of the rear car of all passenger, commuter, and freight trains, In
48 CFR 221, “"Resr End Marking Device,” the FRA prescribes minimum
requirements for highly visible marking devices for the rear car. The purpose of
this rule, promulgated in January 1977, is to improve the visibility of the train, to
prevent rear-end collisions and, thereby, to protect railroad employees and
passengers from the severe consequences of these collisions. In the rulemaking
proposal (Federal Register, Yolume 41, No. 223, November 17, 1976), the FRA
stated that, "the highly visible markers will provide an additional or back-up safety
feature by which to determine the presence of a train atead on the same track and
to distinguish it from other objects generally found !n the visual field along the
right-of-way so as to provide an adaitional opportunity to take appropriate action
to avoid a collision.”

17/ Mr. James B. McCloskey, Assistant Solicitor Generai, Norfulk and Western
Rallway Company to Mr. Jack Green, Natlonal Satoty Council, dated
March 13, 1980.

18/ Louis T. Cerny, Erie Western Rallway; Company review of "Reflectorization of
Railroad Rolling Stoek," January 1379,
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Figure 5.--Nighttime photograph of train cars in fi
of reflectorized materials at both right

gure 4 snows the effectiveness
and oblique angles.
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Figure 6.--Daytime photograph of mostly nonreflectorized (lef?)
and reflectorized (right) train cars.
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Figure 7.:—-Nighttirr_:e photograph of train ears in figure €. Only the
reflectorized word "AMTRAK" is visible on the left ear. (See arrow),
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Other govetnment bodies in the United States and Canada have recognized
the value of reflectorizing train cars. The Georgia State House of Representatives
expressed its concern in a January 16, 1978, resolution on train-motor vehicle
accidents. In part, it recommended various means, including reflectorizing train
cars, "to insure that all railcars and locomotives are clearly visible during night
hours at railroad grade crossings." The resolution was direxted to various members
of Congress and several Federal agencies, including the DOT, the Interstate
Ccmmerce Commission (ICC), and the Sarety Board,

A Wisconsin State iaw, enacted in 1971, requires all train cars built or
repaired in the State to be reflectorized. Before that, the 500 Lire building and
maintenance operation in Fond du Lae, Wisconsin, was applying reflectorization
and currently reflectorizes about 150 new cars and 700 reworked cars per year.
Because SO0 Line cars and nonreflectorized equipment from other train companies
are combined to form trains that are seldom, if ever, 100-percent reflectorized,
neither the SO0 .ine nor the State of Wisconsin has evaluated the effectiveness of
reflecterized train cers, The SO0 Line is the only train car builder aperating in
Wisconsin.

{t 1959, the Board of Transport Commissioners for Canada started a grade
erossiiy safety program to place reflective markings on the sides of Canadian
railro11 cars. The refiaclorization program was initiated at the Provinces'
insistc 1ce because of the many unmarked grade crossings, The program provided
for government funding of 80 percent of the cost. The Canadian prograin has
reflectorized approximately 121,000 freight cars at a cost of $50),000, A
mitigating factor, however, is the fact that approximately one-half of the trein
cars on Canadian tracks are from the United States. Because reflectorization is
not required in the United States, the potential effectiveness of the Canadien

grade crossing safety program is lessened. Moving or standirg trains with large
numbers of nonreflectorized cars will not provide the continuity of conspicuity
needed to indicate to the motorist the presence of a train in the crossing.

In addition to the above governmental activities, the I[nternaticnal
Assoclation of Chiefs of Police adopted a resolution at its 1980 arnual meeting
encouraging the nation's railroads "to affix either lighting equipment or reflective
materials on the sides of all railroad cars...." This endorsement for increased
train conspicuity is significant because police officers are the first on sceno to
investigate these accidents, and this official position reflects an informed
recommendation to help prevent nighttime accidents in which & motor vehlcle
strikes a train,

ACCIDENT INVESTIGATIONS

The following descriptions of accidents involving motor vehicles striking
trains at night which the Safety Board has investigated [llustrate conditions that
van be encountered:

T ey § RS D W VI TR A M e ek




Cowdrey, Cclorado

On September 5, 1979, at about 5:45 s.1n., an empty Union Pacific coal train
was moving westbound across Colorado State Highway 127 north of
Walden, Colorado, at a speed of 12 mph, About 22 seconds after the train
loccomotive passed through the grade crossing, a loaded southbound
tractor-semitrailer struck one of the trailing coal cars, Skidmarks on the paving
surface were 179 feet long, indicating the driver responded to the train presence
just seconds before impact, The cab of the truck was erushed in the impact and six
curs of the train derailea. The tiuckdriver wes thrown from the truck and killed,

The presence of (he ecrosiing was indicated by a standard warning sign
560 feet befcce the crossing, psvement markings 400 feet in advance of the
crossing (see figure 8), and ecrossbucks at the crossing. Trere ~vas no active
warning device or permanent illumination.

The accident occurred in twilight. The weather was clear and the road was
dry. The ambient light did not a/d .ignificantly in the observation of features
beyond the range of vehicle headlights, The train's coal cars were a dark red color,
The locomotive was equipped with a flashing yellow light and was 400 feet beyond
the crossing &t the time of the impact.

Visibility tests, conducted at the approximate time of day the accident
occurred and using an automobile with headlights on low beam, indicated that the
dark-colored railroad cars on the ercssing would not have been readily visitle to
southbound traffic until about 230 feet fromn the crossing.

Figure 8--View of the Cowdrey, Colorado, grade crossing some 400 feet from the point where
a tractor-semitrailer struck a coal train at twilight.
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The truckdriver was a 63-yesr old resident of Greeley, Colorado, with about
30 years of driving experience, most of which involved operations as an
independent driver for hire, de was certified as medically qualifies to drive in
interstate commerce, His driver log was current and reflected compliance with
the Federa! regulations regarding hours of service, The truckdriver had started his
shift about 3 a.m. at Greeley. He had been on duty 2 hours 45 minutes when the
accident occurred,

The facts of this accident suggest that if the truckdriver had been aware of
the presence of the train acvoss the highway at a distance of 500 or more feet, he
could have stopped safely and this accident ecould have been prevented,

The Colorado Public Utilities Commission (PUC) had inspected the crossing in
July 1979 and determined that there was no need for autoinatic protection at the
crossing. After this acecident, the Colorado PUC determined that the crossing
justified additional protection and planned to install active werning lights &t the
crossing and advance yellow blinking warning lights activated by the crossing
lights,

Pratvilie, Alabama

On January 17, 1980, about 12:14 a.m., a 19-year-old college student was
injured when the car she was driving ran into the 42nd car of a 65-car,
slow~moving freight train at a grade crossing in Pratville, Alabama. The accident
oceurred during rainy weather, The grade crossing is normally lighted, but the
evening of the accident it was dark because vandals had shot out the overhead
utilitg light. A nonreflectorized crossbuck sign marked the location of the
crossing,

The motorist was familiar with the area and lived only 1 1/2 iniles from the
crossing, The night of the accident, she was approaching the crossing at the posted
35-mph speed limit, Her first indication that a train was on the crossing was the
motion of the train cars. She instantly applied the brakes and steered sharply to
the left. Her automobile swerved but skidded into the train and struck a train car
in the whee! area. The impact forced the automobile away from the train into an
adjacent ditch,

The rondway section driven by the student just before the grade crossing was
practically level and straight, and the visibility for the motorist was unobstructed
by bushes, billboards, th2 rainy weather, or other objects for 450 feet. This
distance would have allowed her to observe a readily visible train and react
sufficiently to stop her vehicle in time to prevent the accident, even under the
rainy weather conditions. Under wet pavement conditions, according to the
American Association of State Highway and Transportation Officials, 263 feet of
pavement are required to stop a vehicle traveling at 36 mph,

The train was traveling about 10 mph through the intersection when the
accident occuired. Based upon the automobile's estimated 35-mph speed and the
fact that it struek the 42nd train car, the lead locomotive unit was approxiniately
0.5 mile past the intersection. This means that the locomotive pasced through
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the intersection slmost 3 minutes before the collision, when the automobile was
some 1.7 miles from the grade crossing. This rencered the locomotive's horn and
light warning system ineffective for this driver.

The nowreflectorized railroac crossbucks end a highway stop sign were the
only traffic devices at the crossing. The investigatirg police officer reported that
the stop sign was not standing perpendicular but was leaning at an angle away from
the roadway.

Valentine, Nebraska

Shortly after 1 a.m., on January 27, 1980, an automobile struck the 45th car
of a 101-unit freight train stopped on the outskirts of Valentine, Nebraska. The
33-year-old driver crossed the first set of tracks end crashed into the wheel area
of a 50-foot-long boxcar that was straddling the roadway. The trein was stopped
for a crewmemoer to make a routine walking inspection of train cars. The erossing
was marked by nonreflectorized crossbucks.

The driver's view of the crossing was not obstructed by trees, buildings,
vehicles, or crops. He lived about 3 blocks from the crossing. Valentine police
reported that the driver was apparently not fatigued, aslezp, or under the influence
of aleshol or drugs. The driver tolid police that he did not see the train until it was
too late to stop. The police chief who responded to the saene told Safety Board
investigators that he nearly ran into the train even though he knew it was there and
was expecting to stop for it. Further, the chief stated that visibility was clear.

ANALYSIS

Grade crossing accidents have been reduced in the past 50 ycars in spite of
increasing hignway traffic, This has been a result of the joint efforts of the
railroad industry, government, private groups, and citizens. The elimination or
further substantial reduction of grade crossing accidents will be difficult. The
ideal countermeasure--grade separation--is too expensive to be feasible for

. general implementation. The next preferred solution, the application of active
devices such as flashing lights and gates that warn of the approach cr po iible
occupancy of the grade crossing by a train, is not only expensive but also not fully
effective. Because of sheer numbers, it is highly unlikely that all crossings, public
and private, will ever be equipped with flashing lights or gates. Inflation, the
increasing difficulty of obtaining funds, and the massive number of locations to be
improved suggest that future grade crossing safety ~an be enhanced only through
more innovative and cost-beneficial countermessures. Despite FRA statisties thot
clearly show the failure of active signals to fully protect the publie, and despite
the lack of adequate analysls of why this i3 so, the DOT continues to support active
signalization as a major safety countermeasure, and fails to address mcre
Innovative and cost-beneficial approi.ches.

The McQGinnis reflectorization study performed for the FRA identifies
causative relationships in accidents in which a vehicle strikes a train. The study
also makes it clear that safety benefits can be derived from a program that
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improves nighttime train conspicuity for maotorists. 14/  This finding is aico
consistent with current heavy truck research results which indicate the likelihood
of accident prevention if those vehicles are made more conspicuous. Initially, the
annual savings in lives {48), reduction of injuries (329), and property dsmage
($807,000) may seem smali in terms o' either the overall grade crossing losses or
the larger highway losses. If, however, the potential savings are compared to the
four major categories of fatal railroad accidents in the railroad mode, 20/ the
savings are substantial. The projected savings of 48 lives is about 79 percent t of the
61 fatalit’es in "train accidents,"” or 75 percent of the 54 fatalities in "nontrsin
incidents"” reported by the FRA in 1978,

There is & considerable range in the reflectorization cost estimates largely
because of different evaluation methods end references. If the higher cost of
$5.8 million per year projected in the FRA's 1979 report is used and distributed to
the cost of preventing fatalities, the cost per fatality reduced would be about
$121,000. This ¢cst would be a 29 times more effective use of public funds than
the program outlined by the DOT in its 1976 study which addresses grade crossing
accidents from all causative factors. The DOT proposed to spend $1 billion to save
276 lives in 10 years by installing crossbucks, pavement markings, and active
sirnals, while the expense of reflectorization of railroad cars would be $58 million
to save 480 lives in 10 years. These comparisons clearly indicate that
reflectorization is a cost-beneficiol solution,

In the PRA's 1979 report, grade crossing acecidents were divided into four
categories, described as follows:

Category 1 consists of accidents in which the motor vehicle
struck the train at a point far enough back along the train to
indicate thet the driver could have stopped safely if he had
detected the train's presence just as it started crossing the
highway, To determine which accidents met the criterion, a
"eritical point" on the train was computed usirg the motor vehicle
speed, the train speed, and the condition of the pavement (dry,
wet, or icy). f the motor vehicle hit at or hehind the "eriticsl
point,"” the accident was included in category 1 unless the point
hit was the first car/unit, in which cease the accident was filed
under category 2. Accidents involving a motor vehicle hitting a
train forward of the "eriticsl point" were included in cetegory 3,
while category 4 was comprised of all accidents in which the train
hit the motor vehicle,

19/ Because of the significance of this research and becguse the FRA has not
published it, an article based upon the report, "Reflectorization of the Railroad
Rolling Stock " written by the author of the FRA study, is reproduced in
appendix C.

20/ FRA fatality statistics for 1978 show that 81 persons were killed in train
aceidents, 457 in train incidents, 64 fn nontrain incidents, and 1,064 at rail-highway
crossing accidents,
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Relative accident rates for each of the four categories are:

Categxy
Item 2

Passive warning
Dawn or dusk 3.7
Night 9,2 4.0
Active warning
Dawn or dusk 3.2 2.6 2.1
Night 1.5 3.6 1.8 2.0
All crossings
Dawn or dusk 3.4 2.5 1.4 1.9
Night 8.6 39 1.2 1.6

According to the report, reflectorization will probably most favorably cause a
reduction in category 1 accidents, Category 2 will have a smaller portion that can
be eliminated.

The report's analysis also found that "the fact that the nighttime rate of
category 1 accidents at actively protected crossings is more than seven times the

daytime rate indicates that visibility is a contributing factcr in these accidents.
Consequently, some accident reduction is expected at actively protected crossings
as a result of reflectorization.”

The Safaty Board believes the FRA study is a major contribution to
identiiying the problem and offering an effective solution. It is a potential basis
for major improvement in one subcategory of grade crossing accidents.

The railroad industry has been slow to accept practices used by other modes
of transportation to improve the nighttime conspicuity oi vehicles and facilities.
Trucks and cars are required by Federal regulations to have lighting and
reflectorization on their rear ends and sides in specified colors. Roadways are
required to have illumination or reflective markings for indicating hazards,
delineating the traveled way, and warning of various conditions. In the marine
mode, ships and pleasure craft, many channel markers, and other avigational aids
are lighted or reflectorized. Aircraft and sircraft facilities are also lighted to
meet night visibility requirements. Rallroads, however, are permitted to occupy
and temporarily close 217,000 public crossings at any time, day or night, without
any requirement that their train equipment be visible to the motorist.

The MUTCD requires that gates used to close the road to motorists at grade
erossings be equipped with red and white rellectorized material in addition to the
flashing red lights. Reflectorization, by adding greater sighting distances, also
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adds redundancy tc active and passive warning devices already in place. As to the
three out of four public crossings that do not lLave warning lights, much less
redundancy, and the 7 percent of public crossings which are not marked by either
passive or active devices, reflectorization of railroad cars would serve an essentiai
warning funetion.

The railroads are divided in their positions regording the benefits of
reflectorizati.n of their equipment. Some railroads have found the mea.kings
beneficial while others have questioned the benefits that can be derived from a
reflectorization program. The latter suggest that toc few lives can be saved for
the leve! of expenditures involved. Those opposed to such improvements suggest it
would cost $2¢0 million or more to install reflectors based on a 1964 1CC report.
The maintenance of the reflectors also has been cited as a mejor problem. Some
railroads maintain that the level of refle~tivity will rapidly degrade due to both
dirt and grime as well as repid aging of the reflective material.

The Safety Board has taken positions in the past regarding the responsibility
of owners of trucks to provide protection, at their own expense, to occupants of
automobiles in rear-end accidents, regardless of the circumstances that may have
resulted in ithe automooile striking the truck. The Safety Board has recommended
in Safety Recommendation H-71-77 that the rear of trucks and truck trailers be
designed to prevent & striking automobile from underriding the trailer’s rear,
causing unnecessary serjous injury or death. 21/ The Safety Board believes thatl
railroads have no less an obligation to the motoring publie to provide devices that
will improve a driver's ability to avoid collisions with the sides of trains through
improved train conspicuity. The railroad operating across a public road without an
obligation to stop carries with it a responsibility to provide needed protection to
the motoring public.

The FRA studies have shown the potential benefits of making trains more
conspicunus to the motorist at night. The FRA, the FHWA, and the industry must
move rapidly to address the needed improvement for inereasing the visibilivy and
presence of & train when it is crossing a public highway. The FRA should first
publish an advance notice of proposed rulemsking to gather public and industry
comment and information on train reflectorization.

In addition, and in cooperation with the FHWA, the National Committee on
Uniform Traffic Control Devices, and the industry, the FRA should develop
standard criteria for the type, size, location, colors, and levels of reflectivity to be
applied to train locomotives and cars. Such criteria are needed even if the FRA
does not mandate their reftectorization. Certain railroads, the State of Wisconsin,
and Caneda are now using reflective material in some form. Development of
standard criteria for reflecterization will benefit voluntary programs as well as
ease the burder of any subsequent regulation which may be adopted.
Reflectorization has such a favorable poiential for reducing accidents that efforts
to standsrdize its use should have high priority.

21/ THighway Accident Report--Truck Automobile Underride Collision on
Interstate Route 1-495 Near Maryland Route 450, New Carrollton, Maryland,
June 19, 1970" (NTSB-HAR-71-9).
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If the FRA analysis of the responses to the advance notice of proposed
rulemaking and of the completed research suggest as positive a safety benefit as
the Safety Board be‘ieves is likely to be derived from a train reflectorization
program, the FRA should take action to implement the program. A program
agrecd upon by the FRA, the FHWA, and the industry could be either voluntary
with full participation or mandatory if all railroads cannot agree to participate.
Whether the program is voluntary or mandatory, both minimum standards for the
devices and materials used after a prescribed date must be established.

The FRA should consider publishing its more recent research findinge in train
reflectorization. Its research efforts will not have a beneficial effect if they are
not made available to the public and industry.

CONCLUSIONS

Annually, approximately 140 persons are killed and 800 injured in 1,800
accidents in which a motor vehicle strikes a train at night.

Passive warning devices are used to merk 70 percent of public grade
ccossings but do not indicate to the motorists the presence of a train
biocking the highway.

Active devices such as flashing lights used at 22 percent of all public
grade crossings heve not been fully eifective in re‘ecing accidents
where the motorist's vehicle runs into the side of a train,

In periods of limited visibility at night, dusk, dawn, and during adverse
weather conditions, it is difficult for motorists to detect a
characteristically dark-colored train in a grade crossing.

The nighttinie visibility of trains can be improved by using reflective
materials on the sides of train cars and locomotives.

Improving train conspicuity is different from otY:er countermeasures,
since it involves attaching a warning on the rolling stock rather than
attempting to improve the warning on the roadway.

Greater train nighttime conspicuity not only will improve safety at the
217,000 public crossings, but also at the 141,000 private crossings which
are unlikely to be improved through application of active devices
because of cost and lack of finding.

A grede crossing is the only location on the highway system where a
highway can be legally closed without adequate and effective warning
to the motorist that such closure has taken place.
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The FRA has not adopted countermeasures o make trains more visible
at nighttime although its own research results, when compared to other
approaches suggested ty the DOT for reduction: of grade crossing
accilents, show substantial cost benefits ‘n reducing accidents.

Canada has had a government-funded aational train car reflectorization
program for nearly 20 years. The Canadian grade crossing safety
program would benefit if United States train cars were reflectorized.

Initiation of rulemakir.g action is needed to elicit public comment about
improving nighttime visibility of trains and the advisibility of
reflectorization of the train car fleet, and to collect further
information on potential safety effectiveness, costs, evaluation plans,
measures of effectiveness, funding sources inecluding grant or tax
benefit programs, and technical discussions as to colors, patterns, sizes,
configurations, and placement of the reflectorized material.

The FRA has not published and distributed current research that
provides new iInformation which is needed to help devise new
countermeasures for motor vehicle/train accidents at night and prints
to the cost effectiveness of certain measures such as reflectorization,

Further research is needed to establish criteria for using reflective
materials on the sides of train cars and locomotives that can be used in
voluntary or mandatory programs,

RECOMMENDATIONS

As a result of this Safety Effectiveness Evaluation, the Naticnal
Transportation Safety Board recommended that the Pederal Railroad
Administration:

Develop and issue an advance notice of proposed rulemaking
within 6 months inviting comments on the improvement of
nighttime train car and locomotive visibility at grade erossings to
aid in preventing accidents \n which motor vehicles run into the
sides of trains at night. Comments regarding the potential
benefits of applying reflective devices or materials to the sides of
train cars and locomotives should be particularly solicited. (Class
II, Priority Action) (R-81-39)

In cooperation with the Federal Highway Administration, the
National Committee on Uniform Traffic Control Devices, and the
Association of American Railroads, plan and institute a research
program to establish criteria for reflectorization devices and
meterials for installation on the sides of train cars and
locomotives. Such criteria should be designed for use in eithar
voluntary or mandatory programs. Such research should include




size, colors, placement, symbol or message, brightness, expected
life, maintenance, and relationship to other reflectorized
materials used on trains for commercial purposes. (Class II,
Priority Action) (R-81-40)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

Is/ JAMES B. KING
Chairman

/s/ ELWOOD T. DRIVER
Vice Chairman

/s/ PERANCIS H. McCADAMS
Member

/s/ PATRICIA A. GOLDMAN
Member

G. H. PATRICK BURSLEY
Member

April 3, 1981
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APPENDIX A
DEFINITIONS OF WARNING DEVICES

Active warning devices: Warning systems activated by an approaching train;
for example, gates, flashing lights, highway signals, wigwags, and bells. The
warnina system remaiis activated until the train completely traverses the crossing.

Passive warning devices: Warning systems not automatically activated by an
approaching train; these include signs (crossbucks, standard highway signs) and
special warning devices. These warning systems generally provide intormation as
to a grade crossing location and do not necessarily inform a motorist of a train's
approach or blockage of the roadway.

Railroad advance warnings: Advance warning signs present on any of the
highway approaches that indicate the presence of railroad tracks ahead.

Pavement markings: Markings as prescribed or generally similar to those
contained in highway tralfic manuals, in particular, stoplines and railroad erossing
symbols, that indicate the presence of railroad tracxs ahead.
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APPENDIX B

DESCRIPTIONS OF WARNING SYSTEMS
FROM THhE MANUAL ON UNFORM TRAFFIC CONTROL DRVICES

Part Vill. TRAFFIC CONTROL SYSTEMS FOR
RAILROAD — HIGHWAY GRADE CROSSINGS

A. GENERAL

8A-1 Functions

Traffic control systems for railroad-highway grade crossings include
all signa, signals, markings, and illumination devices and their supports
along highways approaching and at railroad crossings at grade. The
function of these systems is to permit safe and efficient operation of rail
and highway traffic over crossings. Traffic control devices shall be con-
sistent with the design and application of the standards contained
herein. For the purpose of installation, operation, and maintenance of
devices constituting traffic control systems at rallroad-highway grade
crossings, it is recognized that any crossing of a public road and s rail-
road is situated on right-of-way available for the use of both highway
traffic and railrond traffic on their respective roadways and tracks.

With due regard for safety and for the integrity of cperations by
highway and railroad users, the highway agency sand the railroad com-
pany sre entitled to jointly occupy tte right-of-way in the conduct of
their assigned duties. This requires joint responsibility in the traffic
control function between the public agency and the rail.oad. The deter-
mination of need and selection of devices st a grade crossing is made by
the public agency with jurisdictional authority. Subject to such determi-

nation and selection, the design, installation and operation shall be in
accordance with the national standards contained herein.

8A-2 Use of Staivdard Devices

The grade crossing truffic control devices, systems, and practices
described herein are intended for use both in new installations and at
locations where general replacement of present apparsius is made, con-
sistent with Federal and State laws and regulations. To stimulate effec-
tive reaction of vehicle operators and pedestrians, these devices, sys-
tems, and practices utilize the five basic considerations: design,
placement, operation, maintenance, and uniformity employed generally
for traffic control devices and described fully in section 1A-2.

8A-3 Uniform Provisions

All signs used in grade crossing traffic control s) stems shall be reflec-
torized to show the same shape and color ¢ an 2pproaching motorist

both by day and by night. Reflectorization may be by one of the methoda
described in section £A-18

Normally, where the distance betwesn tracks, measured along the
highway, exceeda 100 rfeet, additional signs or other appropriate traffic
control devices shiould be used.

No sign or signal skall be located in the center of an undivided road-
way except in an island with barrier curbe inatalled in accordance with
the general requirements of Part V wilh rainimum clearance of £ feet
from the face of each curb,

Where it is practizal, equipment housing should provide a latersl
tlearance of 30 feet firom the roadway. Adequate clearance should also
be provided from tracks in order to reduce the obstruction to irotorists
sight distance and to reduce the possibility of damage to the housed
equipment.
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8B-2 Railroad Crossing (Crosshuck) Sign (R15-1, 2)

The railroad crossing sign, commonly identified as the “crossbuck”
sign, as & minimum shall be white reflectorized shecting or equsl, with
the words RAILROAD CROSSING in black lettering. As a minimum,
one crossbuck sign shall be used on each roadway approach to every
grade crossing, alone or in combination with other traffic contro! de-
vices. If there are two or more tracks between the signs, the number of
tracks shall be indicsted on an suxiliary sign of inverted T shape
mounted below the crossbuck in the manner and at the heights indicated
in figure 8-1 except that use of this suxiliary sign is optional at cross-
ings with automatic gates.

3
TRACKS

a15.-2
@ g Yo

(deitled for 90-degree mounting) 27 x 9"

# HEGHT MAY BE WARIED
AS REQUIRED BY LOCAL
CONDATIONS .
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8B-3 Railroad Advance Warning Sign (W10-1)

A Railroad Acdvance Warning sign shall be used on each roadwsy in
advance of every grade crossing, except on low volume, low speed road-
ways crossing minor spurs or other tracks which are infrequently used
and which are flagged by train crews, in the business districts of large
cities where active grade croasing traffic contro} devices are in use, or
where physical conditions do not permit even a partially effective dis-
play of the sign. On divided highways it is desirable to erect an addi-
tional sign on the left side of the roadway.

BB-4 Pavement Markings

Pavement markings in advance of a grade crossing shall consist of an
X, the letters RR, 8 no passing marking (2-lane roads), and certain
transverse lines. Identical markings shall be placed in each appreach
lane on all paved approaches to grade crossings where grade crossing
signals or automatic gates are located, and at all other grade crossings
where the prevailing speed of highway traffic is 40 mph or greater.

‘The markings shall also be placed at crossigs where engineering
studies indicate there is a significant potential conflict between vehicles
and trains. At minor crossings or in urban areas, these markings may be
omitted if engineering study indicates tha! other devices installed pro-
vide suitable control.
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8C-3 Flashing Light Signel—Cantilever Supported

Where required for better vis bility to approaching traffic, particular-
1y on multi-lane approaches, cantilevered flashing light signals are used
in vhe manner shown in figure 8-4. In addition to the flashing lights
cantilevered over the roadways, flashing lights should usually be placed
on the supporting post.

Although cantilever signals are more commonly used on multi-lane
highways, they are also suitable for other locations where additional
emphasis is needed. These locations may include high speed rural high-
ways, high volume two-lane highways, or specific locations where there
are distractione. If one pair of cantilever flashing lights would be visible
to drivers in nll approaching lanes, excej . the right lane which has a
view of the post mounted signals, other flashing lights are not required
on the cantilever arm. A pair of lights overhead for each approzching

lane is not required, inasmuch as the wavaning aspect is at all times
identical for all.

Breakaway or frangible bases shall not be used for cantilever signal
supports. Where conditions warrant, escape ares, attenuators, or prop-
erly designed guardrails should be provided.

CANTILEVER ARM TYPE AND LENGTH IS VARIASLE

S

X]

o‘g vy
ALY
W > 1Y POST MOUNTED LIGHT

Y UNITS MAY BE PROVIDED

\“/ AS CONCATIONS REQUIRE

e APTMEN, - e s

— - 4" MAX
! _,_L,:L,__L___._
~ d 7%
N—CROWN OF ROADWAY | i — GROUND LEYEL

T FOUNDATION TO B8E AT THE SAME ELEVATION AS THE
S&‘:F(r';[o& ?:‘}. TRAVELEO WAY AND NO MORE THAN 4 INCHES
ABOVE THE SURFACE OF T+E GROUMD (FOR CURBED SECTICNS
SEC FIGURE £-6)

Figue 8-4. Typicsl flasking light signel —centilever suppertod.
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8C-4 Automatic Gele

An sutomatic gate is a traffic control device used as an adjunct to
flashing lights. The device consizts of a drive mechanism and a fully
reflectorized red and white striped gate arm with lights, and which in
the down position extends across the approaching lanes of highway
traffic about 4 feet above the top of the pavement. The flashing light
signal may be supported on the sarie post with the gate mechanism or
separstely mounted. A schematic view of the gate arm in the down
position Is shown in figure 8-5. This view does not st.ow any of the
several mechanisms used to raise and lower the arm.
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REFLECTORIZATION OF RAILROAD ROLLING STOCK
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Canflicts an trains and sutomobiles at Mghway="
- railroad grade erossings bave lang been recognized as
& major safety problem. - Bince the 19258, the sailroads
and various Jocal, state, and federal governmment agen-

-~ cies have worked to ud.\cc hazards at the 220 000 public -

grade crossipgs in the United States.

Statistics indicate that efforts to improve the nIzty
&t grade crossings have been effective: in 1928 there
were 2568 fatalities resulting from grade-crossing .- ..

* accidents gl); in 1977, this figure was 63 percent lower,

even vehicle kilometers of travel increased more

than 000 percent during the same period (2). - - :
Unfortunately, the problem of grade~crossiog acci-

dents has still not been completely solved. There ware

- znore than 12 000 giade~crossing accidents reported to

the Federal Railroad Administration (FRA) in 1977.

tion are continuing their prograzas to redice the hurds
of railroad-highway grade crossings. . ..
Most grade-crossing safety programs bave been”
aitned at improving the warning devices at the grade -
. erossing, but another approach is to improve the con-
spicuity of the train, 8o that motorists can actually

detect it near a crossing. At some crossings, for ex- .

ample, stroet lights have been installed to improve -
nighttime visibility. On-train devices have also been
proposed, Recently, interest bas been high in the use
of strobe lights on locomotivas to impr="2 bath day
and nighttime train visibility. Also, the use of yeflec-
_tors oc the sides of railroad cars has long beer 2d--
" yanted by some as an oﬂlcﬂn  my of ucroumg night- '
time traio visibility, ™
The purpose dm-mdymucmu-wu-
tiveness ol reflsctors on the aides of railroad cars as
© & means of reducing grade-crossing accidents. The
“wse of reflectors oo railroad cars has been discussed

I

is many documentad studies (1,3-8), but the conclusions *

wumwmmmmuemm
indicate that the effectiveness of reflectors in reducing

mm-r

~ where

both an in-depth antlysis of refloctor effectivences and
an examination of the benefits and corts of nﬂzctom-—'
ing the sldez of the U.5, n.uroa.d car fleet,

~ REFLECTORIZATION

Beflactarization bas its ;rou.elt ulety pdfntizl lor

 aecidents that occur st night sad inwolve a motor vehicle
- strikiag the side of & train.  In many of these aceidents, -

the motorist {8 apparently unable to see the train in
titme to stop the vehicle pafely, . Reflectors on the side
ol a railcar will reflact light Irom a motor vehicle's *

. Leadlights back toward the vahicle and, to the driver,

such refiectors will appesr as light sources or "brlsh: a

" - spots” against & dark background, -

The approach taken to analyze the cuecmunus of

.. reflectorization was to examine first the factors that

alfect the amount of reflected light untunbeexz-ecud
at various divtances from & grade crossing and then to
compare these light devels with visual detection stan-

mwmwrmwmwwneﬁ!m)da

train's presence is likely. "~ - E :
I Mtrpednmctorth!vmldbcnudmwkmd
cars is called a retroreflector or rsflexreflector.

" Retrorefiectors reflect incident Mght back toward the

lght scurce in 2 parrow beam.: Retroreflective ma-

" tarials are used extensively for highway signs, pnve-

aent markings, and motor vehicle raarkings. -

. ‘The amount o Lght received by an oburur from a
retrorefiector is alfected by six factors: the reflective
iotensity of the reflector, its size, the intensity of the .-
origiml Bgi2 source, d.mocpnerie transmissivity,

windshield transmittance,-and its distance fromthe. -~

observer. . The relationship between thege factors and -
{lluminance ueeind by !he cbserur is ziven by Equa-
tion 1: RV

B AR t“lf)la‘,
Consequently, FRA and the Federal Highway Administra- ’ :

o -

= = {lluminance received by the cbeaerver (Ix;,
o I. intensity of the li;ht beam tmrd the rcnector
B (ed) -
A-wdmmﬂor(m)
R = reflective inlensity of the umctor [(calu) /m 5
t = trammissivity of the atmocpbere per mur, L
W = windshield transmitt=nce, und - o
de dl!tnce between the oburver nnd the mmcto E
Com :

A mmu comp.x‘.nr program was written to com-

- pui2 reflsctor illuxinance received by a drives for - B
huminous-intensity distributions and retrore--

) locations. -The program used

headlamp
flector properties to determine axpectad reflactor -
brightness.  Values were ¢ for reflector loca~

- tons from 30 m (100 £) to 244 m (800 R) in froot of the

motor vehicle and from 122 m (400 f) to the Mol 10
132 m to the right of the projected path cf the motor

wehicle. In addition, the program allowed for variation

. grade-croasing acridents may be either very con----- - .-i3 ibe sire, sfficiency, and placement beight of reflec- .

siderable or morculy mudmu. ml pnpu provides

tors; the ‘conditions of headlights, windshields, and -

Transportation - Riaseatch ‘Record '73"7 y Traffic- Control ‘Devices, - -
. Geometries, . Visibility, -and::Route..: Guidance,..-Transportation -
,Research Board Natlonal Academy of Sclences, Washmgton, D. C.,
,1979

-Source:-
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atmosphere; and the intersaction angls between tae vertical surfaces for highway aigno will bave a reflective
_ train and the motor vehicle, - intensity of 200 (60 percent of original specified reflec-
LN ot , tivity) after 10 years of service and proper cleaning of
the material, while the effective performance lf2'js”

- o - o e R mmtomenyeulhueudammmmm.

The reflective intensity of a reflector depends on the In genral, experience with high-intensity sheeting in - - -

grade of reflective material and on the incidence and - highway use indicates an effective performance lle of

divergence angles. The incidence angle is the angle - 12-14 years (10). Indications are, however, that the
. from the light scurce to a line normal to the reflective Tallroad environment is more severs than that experi-
surface, and the divergence angle iz the angle between . enced by highway signirg and that a ahorter life may

the line of 3igit of the chserver and the path of Ught - - esasequently be expected for refizctive abeeting used

from th* source (Figure 1), o railroed rolling stock. Nevertheless, the reflsctor

* ;. The divergence angle {5 a function of the distance efficlency question cannot be definitively answersd
between the driver's eyes and the light source and the before feld tests of reflectors on rallcars have beec

diztance between the reflactor and the light source, perforzsed, N

Because the distance between the light source and the - ~, In the absence of rellable datz, a reflcctor efficiency

~driver's eyes io a coastant, the divergence angle de~-: 620,50 has been used in this study. Since the reflective
creases as the distance bstween the vehicle and the © intensities have been computed canservatively, the
reflactor increases (Figure 5). In the analysis, dimen~ - actun! re.lectivities used in the analysis represert ap-
sions for a typical U.S. passenger vehicie were used . praximately 30-40 percent of the reflective intansities

(@) and produced divergence anglas of 2°$0 0.14°, : of ew silver high-intensity shoeting, . 7

- . The overall alficiency of a retroreflector I8 maxi- . o ’
. zized when the divergence and incidence angles are .- Raflector Hize : )
:- both zero, Furthermore, since both the divergence S e - - O
. &nd incidence angles vary iaversely with reflector- - In the analysis, a reflector size of 0.023 m* (0.25 fr')
vabicle separation, reflector elficiency will increase - - WAl used since it {s the largest size that can still be
- with separation between train and motor vehicle. - o viewed as “point source'’ under most conditions ex-
Ratroreflective sheeting material is currently avali- pected at grade crossings, o
able in two grades: engincering grade and high-intensity S -0 . :
grade. Analyses In this study nre based on the reflsce - Motor Vehiele Headlight Systems . -
© tive qualities of u;h-umenmy-mdelnmcﬂve sheet- - g e K
iog, since the threefold to fourfald {.icrease in reflec- - -The amount of light beamed on a reflectur {and ulti-
tvity that high-inlensity grade Prov;des over engineering - mately back to the driver) §s a function of the location

§Tade is needed to produce {lluming :{or levels that are of flector in relation to the headlights, the type

sulficiently bright at long distancer for grade-crossing of headlight system, the mode of headlight operation

safety. The low range of divergen. e angles expected (high beam or low beam), and the ouzintenance level
also cootributed to the selection of bigh-intensity grade. ;. of the beadlights (alignment and cleanliness).

<+ Rellector efficizncy is defined & the proportion of. . In o8t operational s{oations, the retroreflectors
the original reflectivity that & re/ ector maintaine under = oq the railcars will be located above the horizontal axia

‘Eiven operating conditions. Ref sctor elficiency de- - of the mator vehicle's headlight system. Under high«

creases with time because ol 7 terioration of the re- - beam operation, a substantial amount of light is beamed

flective material and accumr ation of dirt and grime. - . upward; however, very little light is directed upward in
" . The average eificiency of t".4 rejlectors on a fleet of the low-beam operational mode. But the amount of -

. £ars would depend on the irequeicy of reflector re- - - Light incident on the reflector surface io enhanced at
placement, the level's' ceflector wixintenance, the. . . . . long distances due to the decreasing vertical angle be- -
operating environments of the rallcars, and the Gur- tyaen the reflectors and the headlight axis. - For ex-
ability and dirt-resistant quslities of the reflactive ample, for a vertical separation of 0.3 m (1.0 ) (see
materfal. - R e - Figure 2) low-beam beadlight intensity is 1500 cd at

- Limited data are available o the decreased reflsctor o+ 30 m (100 f1) and 4500 cd at 244 m 8o Ry,
efficiency that can be expected from contimious use of Y The use of high-beam lights was studied by the South-
retroreflectors oo railroad rolling stock, However, a . west Research Institute (1_2‘, which found that less than
leading manufacturer of reflective materials advertises 25 percer, of the 23 176 vehicles observed in an open ~
that sitver high-intensity reflective sheeting used an s Toad situaZén (high beams appropriate) actually used ... -

£
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S .
. Vislbility of retrorsflectors at 8 typical raitroad.

Figore 2
Lighwoy grade cromeng.

their high beams. Therefore, if rellactors are to be
highly effective, they must be visible under low-beam
illumination, : ]

" . A beadlight efficiency of 0.85 was used in all analyses, -
This fSgure is consistent with research Sindings (12, 13)

. for operation during dry-roadway conditions. During .
wet-road conditions, light reductions of 50 percent are
pot uncommon, However, recent researchonthe = - - - .
visibility of reflectorized overhead highway signs (14)
indicates that sign illumination increases by a facter of
more than two under wet-road conditions because of the
increased amount of light reflected up from the wet
pavement. : Thus, the 0.85 headlight efticiency used in
the aralyses should be applicable to most driving condi-
tions, - Effects of improper aim of headlights were not o
inchuded in the analyses because of inadequate data, ) .

Atmdapheric Conditions - B
E Atmooi:berfc conditions affect the efficiency of any
Tellector. Feg and haze, for example, reduze all
visibility, including that of Light bounced off a,retrore~
. flector., - In the analyses, n "light haze" condition [8-km
(5-mile)} daytime vmb_u!ty] was used. e
" Mindshleld Conditions U . F 0 .
A windshield tranemits caly & portion of the total light
‘- ineldent on #t, . For untinted windshieids, the trans-
mittance is about 87.5 percent, but only about 72.6 per- -
cent of the light is transmitted through tinted windshields
15).  Tinted windshields ere known to
tances at night; however, these decraases are usually
- less than 10 percent g@, 17). - In the analysis, & wind-
abieid transmittance of 70 percent was used. S
- Detection Level - i

Detection of refiected Light depends primarily ca its

s
4

. looking for it, then increases of 1

decrease visibility

- APPENDIX C

Metroreflector
Dntrance Angle

i

i T
L - detroreflector .
T -
~
Prefile of Paghway

Vertical hpu;un:.

PROTILL OF SICMMAY CENTLALINT

: BN C - ;
brightness and the Jontrast with its surroundings (3).
The threshold {llumination level for a point source
viewed against a background luminance of 0.0034 ¢d/m®
(0.001 foot lambert) {overcast, moon) is 24.7 » 10~ Ix
(2.3 x 10*° footcandles) (18), . This value represents the
§llumination level required for 98 percent probabllity of -
detection when the observer knows precisely where to
look for the light, and it must be increased 5 to 10 times
-if the light is to be easiiy found.. The Federal Aviation
Administration's (FAA) detection level for pilots is 7.8
times this minimum threshold, If the light signal is to -
attract the attention of an obsen er who is not actively - -
00 to 1000 times the

threshold level are needed {18). . o T

For the study, a three-region criterion was used to
assess the detectability of various reflector {lumination
levels. It was assumed that the FAA detection level for -

. pllots §8 the practical minimum iMumination that can be -

expected to be detected by highway users in the vicinity
of railroad-highway grade croesings. ‘A driver Gmiliar
with the sight of railear veflectors, approachinga ..~ °
grade crossing that he or she knows has high train
volumes, should be able to detect a refiected light .
. Bource at this level. Most drivers, however, would
require an jllumination level significantly higher than
"the FAA threshold for detection. St -
- . An {llemination level of 1000 times the minimum - o
_threshold (24.7 x 10" Ix (2.3 > 10** footcandles)) should -
~-_be sufficient 10 make the reflector detectable to all but
" tbe few drivers who are completely oblivious to their
- driving environment. In the region between 100 and .
- 1000 times the minimum threshold {24.7 x 10=" Ix to
- 26,7 » 10™* Ix), the reflector “probably” wouldbe -
" datected. - Between the FAA threshold and the 100-times
-~ Javel; the reflector could 'possibly” be detacted.

-~ RESULTS - -

nlurg Schan the three nngu o!‘x!-e.nectxx} m:buuy_ w
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expected from a two-lamp low-beam systern and a fous
__lamp high-beam systers.. A= expected, the "visible" .
. - region is much larger for high-beam ilumination than

" 'Heflector Elfectivencss

" {lluminated by high-beam lghts. - Before any con-

“ 7 itis for low-beam illumination. ” Even 8o, the ‘Visible" “time. A stopping distance of 152 m (500 f1) ahould be -

region for the low beams extends 152 m (500 £t) from

the vehicle and the “probably visible™ region beyond I
244 m (800 ft).  For the croasings ropresented by these
figures, there is little question that reflectors would -
be visible with high-beam illumination and would most -
likely also be visible with low-beam ilbimination, -
Separate analyses performed frdicate that changing

" i Intersection angle to 45° does Little to affect the
“wisibility of the reflector,:.. .......° Lo :

The effectiveness of t.bereuectorsiogrn_uyin- :

"fluenced by the’pos’ on of the reflector on the railroad

car. Figure 4 showa the visibility regions for a reflec-"-
tor located 1.5 m (5 £) bove the plane of headiights,

and a comparison of Figure £ with Figure 3 for los"
beams shows that the impact of raising the reflector

1.2 m (4.0 &t) {s a reduction of the “visible" regionto -
practically zero, although the “probably visible" region” .
still extends beyond 229 m (750 ft).”- The impact ofa -~ -
high reflector on visibility is much less when illumina -
tion is by high beams. = e A

- 7.

. The analytical evaluation of reflector effectiveness in- -
- ... dicates that retroreflectors on the sides of railroad = .
. :cars should be detectable at distances berveen 152 m
© {500 £t} and 305 m (1000 f1) if luminated by low-beam

- lights and between 274 m (900 ft) and 610 m (2000 K¢, if . .

clusions may be drawn about the effectiveness of the
rellectors in eliminating grade-crossing accidents, two

. queastions must be answered:  How much sight distance -
- - 18 needed for safe stopping, and how inndequate is the -~ **
” wisibility of unreflectorized cars? o7 .- T

Sopping distance for speeds of 16 km /b (10 mph! to

113 km/h {70 mph) for dry, wel, and icy pavements =

were computed by using a 2.5-» perception and reaction .. ..




" ‘udequate for most highway driving speeds and, since
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- vigibility distances of reflectors even when illuminated
by low bsams exceed 152 m, retroreflectors on the -
sides of rallcars should provide adeguate visibility to

. allow for safe stopping under most canditions ex-
perienced at railroad-highway grade crossings. - - -

In order to ussess the visibility of existing unreflec-

" torized rallcars, visibility ranges comparable to the -

81

_ should, it follows thai the increased wisibility distances

thrae used for the reflectors were estimated fora .-
stapdard 15-m (50-f) boxcar and for an ampty 15-m
(m-ﬂ) fatcar {Table 1).- V" RN 3;‘{ R LA
- Visibility ranges of unreflectorized railroad cars
. are significantly ahorter when {llumination is provided ..
by low-beam headlights rather than by high beam. -With -
. the szception of dark~colored empty flatcars, visibility
““Mstantes for unreflectorized cars Lliuminated by high- -
- beam headlighis seem (o be adequate for safe cperation -

&l normal highway speeds. Ou the other band, illumina- -

ton by low-beam headlights does not even
_ stopping distance at 32 km/b 20 mph), - < L Lo
- - = Given the low visibility of unreflectorised rallcars -
" flluminated by lowsbeam headlights and the fact that
most drivers {ail to use high-beam lights when they -

ow for safe

* provided by reflectorization of rallears should be effec-

- tive in elminating certain grade-crossing accidents. . -

The extezt of the benefits antic

ipated from reflectoriza~ -

iver detects wrain -

1w

’ "‘z}Benéﬂ'.s of Rellectorization

Accidents were classified into four groups. Category 1 ,

" consisted of accidents in which the motor vehicle sirikes

the train at a point that is far enough back along the
train o indicate that the driver could have stopped
salely if he or she had detected the train's presence -
just as it started crossing the highway.  To determine
which accidénts met this eriterian, a “eritical point™ .
{see Figure 5) on the train was computed by using the
- motor vehicle speed, the train speed, and the condition .

of the pavement: (dry, wet, or iey). If the motor vehicle
hit &1 or behind the eritical point, the accident was ic- i/~
cluded in category 1 1f the Jocation hit was not the Brst*

.. tar or unit and in category 2 if the locatixa hit was the

"™ first car or unit, - Accidents luvolving & motor vehicle-

hittlig a train forward of the critical point were in- - =

cluded in category 3. Category 4 comprised all acci- .

dexts in which the train hit the motor vehicle.: - . .

- Category 1 includes the accidents most likely to be

eliminated by reflectorization ' Astuming that refiectors

are affective, then the only nighttime accidents in this - - - .

... eategory that would not be eliminated are those that - -:———— -

7 0ccur at grade crossings where the view of the tracks is~ T ¥

" obecured, those that occur because of motor vehicle -

equipment failures, or those that occur becavse of human . -
factors such as poor eyesight, intoxication, attempted .- - .

" suicide, sleeping at the wheel, or bad judgment. . - .




that pave sctive-warning systems (see Table 2). . The
bese Sgure af 4823 potentially preventable aceidents
includes accidentc in which the motor vehicls was
struck by the irain, l.e., category 4 accidents. -

- Without specific regulations to require the cleaning
of reflsctors, Hopkins' no-maintenance scenario is
probably the most realistic, However, it certainly
wauld be nice to kave some research on the question of
the impact of Iark of reflector mairtenance on reflector
brightness, - - - : : - T

Hopking' stion for using a cingle cost estimate

With estimates of minimum and maximum benefits to .
give a more realistic idea of the program's benefit/cost
ratio is impogsible until botter cost data are available .

- on installation costs and, more importantly, until in-
- formaticn on Erade-crossing visibility o oblained, so

that ranges of benetits can be established. At this
point, it is impossible to estimats mimimum benafits,

REFERENCE

26. R.G. MzGimnis, The Benefits aod Costs ofa
_ Program to Reflectorize the U.5, Fleet of Railroad
:l:_gmg Stock. Federal Rallroad Administratica,
Putiication of ms}-évmpy Cbu;.‘u-on h;irn-um
Gracie Crossings. 7




APPENDIX C

A smalls7 proportion of the accidents in category 2
is expected to be rectified by reflectorization. In order
for an accldent to be included in category 2, it must
have had a critical polnt of less than 15 m (50 1) (one -
car lengtt).  In some cases the short critical distances
were caugsed by 2 blank in the data Seld fur either the
motor vehicle wpeed or the train speed.

Categorics 3 and 4 contain those accidents I ;ut
ukely to be eliminated by reflectorization. In order
for reflectors to be elfective in preventing accidents

from these categories, the train wauld have to be visible

~ before it reached the grade croesing. Since the
analytical studies of reflector effectiveness (Figure 3)
do indicate that trains would bn visible at upto 61l m
{200 £t) before they reach the grade croasing, it is
lik~'y that some of the category 3 and 4 accidents could
be prevented by ref - ‘torimton. .

Calculation of Benefits

A three~step process was used to estimate the pumber

" of accidents that would be eliminated by reflectoriza-
tion, First, the number of accidents that were potens .
tizlly cauted by nighttime visibility problems was esti-
mated from the 1975 FRA computer-file accident data.
Next, accidents occurring under eircumstznces in_
which reflectors would not be effective (e.g., bad .
wezther, visual obstructions, intaxicated drivers) were
eliminated. Finally, the accidents were reduced to
reflect the proportion of grade crossings in which

. highway-railroad geometry does not allow for ellective

.. wse of reflectors, .

A comparison was made of the accident rates at nlgm '

(and dawn or dusk) with those that occur during day-
light. Relative accident rates for each of the four

categorien of accidents are given in the table below. .

Cregory
Wm0 22
|, Pami» worning
Dewnordusk = 3.7 31 14
Night. *. .~ 92 40 .08
Active waming - N
Dawn or dusk 32-::726 15 -2
, Night 715. 38 18
" All crossings .
Dawn or Gutk J4a 29 14
Ntﬂ\t ,»r 85 29 12

The accldent rates are expreued a» ratios and indicate
the relative occurrence rate of each accident category
in relation to the daylight rate. For example, the value
of 9.2 for category 1 accidents occurring at night at

crossings that nuve passive controls indicates that this -
particular type of accident is 8.2 times more likely to ™= . :

occur at night than i is during daylight. Variations in
train traific volumes by time of day have not been con-’

sidered in determining these relative accident rates. It

is assumed that train volumes at night are equal to or -~
le3s than daylight volumes and thus do nt add to the
decreased exposure rate that occurs at night, .
Some accident reduction is expected at actively ~ -
protected crossings.
tion have limited the benefits to passively protected
crossings on the assumption that actively protected

- erossings already inform the motorist of the lmpend-— e

" ing presence of a train and that reflectors would add -

. pothing to warn the driver. A study of driver beh.nvlor

- at signalized railroad crossings (20) found a surpris--
_ ingly high rate of “critical inctdents’’ (vehicles not
stopping for the signal or zigzagging around fully -

" descended gates) during signal alarm periods. - Fur- '

- Previous studies of rellectoriza- -

(.

B\

thormore, the fact that the zighttime category 1 accident
rate at actively protected crosaings is more than ssven -
times the daytime rat> Indicates that visibility is most
likely a contributing factor in these accidents, Since no -
program of reflectorization could hope to provide visi-
bility levels better than those experienced in daylight -
conditions, the daylight accidert rates were used as the
upper Imits on elfectiveness of reflectorization.

The relative proportions of travel occurring duricg
uu day, dawn or dusk, and night periods were used to
compute the number of accidents that corresponded to

"’ the daylight accident rate, For example, there is 32

percent a3 much travel 2f night as there is during day-
light; thus ane would expect 32 percent as many acei-

,dtnutooccurnnlmuoccurcharingthedayu

wisibility and other nighttime-related phenomena are
not a problem. The numbers of accidents potentially
czused by nighttime visibility problems were obtained
by subtracting 32 parcent of the daylight accidents
from the night accidents and 6.3 percent of the daylight
aceidents from the dawn or dusk accidents. ‘.l‘hne
wahies ave shown in Table 2. - :

It is assumed that the daylight accident rates lnclude
these accidents caused by motor vehicle equipment

" fathure ard human factors. It seems reasonable to
_ _assume that accidents resulting from motor vehicle -

equipmert failures, attempted suicide, beart attacks, '
or bad judgment should be squally Likely to occur at -

- night as they ave during the day. . On the other hand,

accidents resulting from buman factors such as poor
eyesight, intoxication, or sleeping at the wheel are
more likely to occur at night than during the day,
Category 1 accidente represent 3,8 percent of all
grade-cressing accidents during the day. Since this
category of accidants 13 caused primarily by visibility
problema that should not exist during the day, its oc-
currence rate should represent the nonpreventable accie
dents discussed above, Accident data from Pennsylvania
22) were available {n a form that allowed comparison
belween grade~crossing accidents and general highway
accidents, A total of 3.6 percent of the 274 grade-

. erossing accidents that cccurred in Penngylvania in

1978 were caused by motor vebicle squipment hllure

- 'andlmmn factors, -

Reflectors are eﬂecﬂve only when the driver 18 able
o see them and percoive that the reflectors are ona
train. Visibility of the reflectors can be alfected by
physical cbetructions,” weather conditions,:and human
factors such as poor eyesight and imoxication. The
ability to percciu and react to the situation is alfected
by the drivers' attentiveness or degree of intaxication.
It was uumaud that es percent o( all drivers were
alert,

Table 2 ahm the perccduu of accidents that oc-
curred under the various conditions that would permit -
reflectors to be elfective, Data on the presence of ob-
structions and adverse weather (fog, snow, or ice can-
ditions) 1 were obtained from te FRA acciam Sle.

Alcohol and Other Human Fu:torﬂ e

Certain uuu] hctou in accidents m ‘more prevuen‘

-um {all into this category.
Limited data are available on t.be roks oi alcoho

--and other human factors in railroad-highway grade-

* eroscing accidends. Deta from Penngylvania (22)

- Alameda and Sacramento Counties, California 83—
- and Dade County, Florida (4) were used in assessing

the impact of these factors on reflector effectiveness.
On the basts of the resuits of these studies, it is esu-
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mated that 35 percent of the aceidents involve drivers
who nre sufficiently impaired that they would not be
expected to detect and perceive the prelence ofa u'a.in
from jlluminated reflectors, -

Effects of Highway-Rallroad Geometry

- Very littie information about the geometry (vertical and
. horizontal) of railraad-highway grade crossings is .
available, The Association of American Railroads ~
{AAR)-FRA Grade-Crossing Inventory contains infor-
. ruation about the crossing angle of the highway and
 railroad, but it contains nothing about the vertical or
borizontal alignments of the twc routes, The grade-
" crossing geometry, along with aatural and manmade ~
obstructions, determines the vigiblity at a crossing...
The visibility requiremerts pecessary to eliminate
category 1 and category 2 accidents are different from
" those needed for category 3 and category 4 accidents,
In category 1 and 2 accidents, it is only necessary to-
see the highway-raiiroad intersestion.  In order for
category X and 4 accidents to be eliminated, it is noces~
- sary to see the train at some point before it reaches
- the croasing.. The actual distance up the track that
. the train is required to be visibie depends on the
tnin speed and the motor vehicie speed,
--7 7. The proportion of accidents in which the tratn lpoed
i 2nd motor vehicle speed are both such that the train -
would be within the range of the motor vehicle's bead-
lights soon ecough for the driver to stop is skown in
Table 2. - For category 1 and 2 accidents, this value is
100 percent, since the train does not lne to be seen -

= - yitil it is across the intergection, - - -
" The overall effectiveneas of nnactorlnﬂm uuum- T

ing sdequate crossing geometry for proper visibility)
‘was found by muitiplying the percentages for ‘m¢ Ob~- -
. Mm,","vlthmt adverse weather,” ‘alert drivers”

-?n—--‘n—-qmbmuw“m Nmmmmn

{65 percent),” and "'acceptable speeds” by the proportion

of total accidents that were caused by nighttime factors.

Thase eflectiveness vakies are shown in Table 2, . . .
Table 3 summarizes the maximum benefits anticipatec

from reflectorization. These are the benefits that would

accrue i ail erossings had the proper geometry to

allow for adequate nighttime visibility. The numbers

of tatalities and injurics and the amounts of property

.- . damage were obtained from the FRA 1975 computer-

file accident deta. Property-damage figures include
damage to the motor vehicle, the train equipment, and
the track and signal nmcmres.

Costs of Reflectorization

The costs of & reflectorization progrim were divided
into five categories of costs: initial materia) costs,
initial installation costs, arnual rephcen-.m costs (nr
reflectors destroyed by nnda.ls or train oparations,
aonual maintenance costs for cleaning refhicicrs, and
program implementation cact.s Cons u-e lnled on tue
(ouoving mumphon.s x .

1. lllgh-uunsity, Ngh uck renective lheeung is
‘).

“wsed at a cost of §23.14/m” ($2.15/8

2. Exch railroed car is equipped vl:h four (tvo per

“dde) 15x15-cm (6&6-!3) lquues of nﬂ:cu\re aheet-

3 l:n:h locomodve is -qulpped with li.x three per

. iide) 15x15-cm squares of refiective sheeting. -

ok !‘he percent wastage of material occurs, .- ;

8 I.Abor eo-u mm/h.'“-" . B
" 7. No'special handling of cars is nquxred!or in- .
stallation or maintenanse (vurtvlubedouduln;re- S
(ulrod iupecdcm).,, o P - -
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Table 4, Estimated cmnol Mhﬂaﬂll‘ us, ndrmﬁ
mlln.mdl

- Estimated Cast Ranges (1577 §)

First Cost
($000 000%}

Unit Cont ($)

(3 percest/year)

Mainterance

Administration (per year)

Total

23.14/m’

0.33-0.87/refloctor
0.90-1.35/relector
0.25-0.50/reflactor

€0
2348

. 0. .
1.7-5.0

Mote: T’ @ 10.7H,

*Daours rame © 10 parsene.

- 8. The renecdve muriu hu a seven-year eco-
pomic life,
9. Th dllcuun. ate h 10 pcrcem.

‘hblcl cd.lh-n'ummry of the co-tnﬂmahl
for the reflectorization program. Ranges of costs are
given for items that cannot be estimated exactly, due
to insufficiest documented data. - Anmual costs are ex-

_pactad 1o be between $2.7 and $5.8 million. - The cost of
maiotenance is the area that bas the highest degree of
uncertainty, I is also a major component of the total
project cost.” Rasearch is needed to answar the ques-
tions abaut the troqucacy ol malnuunco nquind and
its associatod cost. -

. Another unknown that nﬂectl the cou on.be projoct

llm#imMmehuedehcmm“mc-r -

- tors o the rallcars.” Cost estimates in Table 4 as-

" sume that two reflectors are placed oo #xch side of -

oach car. It may be desirable to use additional reflec~
tors on high Ireight cars to provide a delineating effect - -

- that will reduce driver parcepticn time.- Again, fBeld.. ..

- research {8 needed to determine the best pattern to be
- used. “Additiosal anmual costs for extra delineators on

L -
;h!d:-lid- cars cold run as h!gh &8 §1.5-3.2 miltion.

i

oa-EmcuveneuAE’s_ . o7 B

The dltﬁcun task o!ulunin; doliar values to the ber.e-
ﬂbthtumnlrcmuﬂnpmh.m.nulemdmjury
was accomplished by using values determined by the -
National Highway Tralfic Safety Administration (NHTSA)
25). ' NHTSA has made a considerable effort to eatablish
loc!ehl costs of niotor vehicle fatalities and in-
juries, LU a refleccorization program is to receive fund-
ing, then its cost-eflectiveness should be compared with
the cost-eliertiveness of cther proposed salety pro-

‘aTams to se whether it merits the spending of scarce

doliars., Thus, the absolute values of the benefits as~
signed to injuries and fatalitics is less important than

. the consistency of valuss used when comparing the cott-

elfectiveness of several compreting profects. -
An.luolnlaooomuenuuduthenerue
societal cost of a fatality; this is the NHTSA 1975 value
updated to 1977 dollars by uaing a 6 percent annual in- - =
Ration rate. A value of 35000 has been used as the
average sociztal cost of an injury, - This value falls be- - -
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tween the costs established by NHT"Y for a moderate
injury and that for a severe, but no! i.%e-threatening,
Property-damage values wi. . obtained from
FRA Grade-Crossing Incident and Rail Equipment
Accident files and were updated to 1877 dollars, - .-

The anticipated anmual benefits shown in Table 3
were converted inta dollars by using the values given
above. The actual level of benefits depends on the -
proportion of grade crossings that have suitabie night-
time visibility. - o - S

Figure 6 shows the expected benefit/cost ratio for
the reflectorization program (based on four reflectors
per railear) as a function of the proportion of grade - -
erossings that have suitable geometry to allow for - ’
proper visibility. The solid lines represent the benefit/
cost ratio that would result if the project costs were

- oqual to the minimum cost estimate. - The broken lnes

are based on the maximum cost estimate, . For example,
the dotted lines on Figure 6 show that, 1f 60 percent of
the U.S. grade crossings have geometry such that the -
railroad-highway intersection is adequately visible and
40 percent of the grude crossings have geometry that™-

* allow for adequate visibility of a trair as it approaches

- the intersection, then the expected beiefit/cost ratio for

& reflectorization program would be between 1.6 (maxi- . )
mum cost estimate) and 3.5 (minimum cost estimate).
Throughcut the analysis an attempt has been made to
estimate quantities conservatively, The effectiveness
amlyses were done by assuniing low-beam hes “ight-
fllumination,  Much greater visibility is obtab, by -
high-beam lights, and at least 25 percent of the _.ivers -
can be expected to use them, . .
- It is important to note that the majority of the benefits
are to socliety and not to the railroads. Other benefits - -

to the rallroads may result if lUability ccsts are reduced, - - -

by the decreased mumber of aceidents. It is possible;

- bowever, that Nability costs could actually increase if ~ . -
- - & lederal regulation requiring reflactors were passed. ** -
", With a regulaticn in force, a dirty or missing reflector

could provide the avenue for a negligence suit against -
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FUTURE RESEARCH NEEDS

Hesearch needs to be done to detormine the size, pat-
tern, and location of retroreflectors on the sides of rail-
road rolling stock that will optimize motorist detection

" and perception of a train's presence.

Research should be conducted to examine the decrease
in reflectivity of retroreflectors that is caused by con-
tinuous use in railrcad environments, This research
:u needed to determine whether maintemance 18 re-

red. . L

Further research iovestigating driver bekavior in
the vicinity of railrcad-highway grade crossings with
beth active and passive warning devices should be con-
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state, i - :
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train cars, or under the bodies of the cars between the
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is more visible than the reflectors, and this ia an addie
tional circumstance under which the reflectors would
not be effective. B T
" £.In category 3 and 4 accidents, the locomotive's head-
Ught would normally be visible long brfore the reflec~
tors, because its visibility does not depend on reflec-

. tivity and because it is much higher olf the ground than

- the reflectors. The illumination of objects around the .
- croasing by the locomotive beadlights as the train ap-;
- . proaches may also atiract more attention to the train :

than the reflectors would, especially since this elfect’

~_precedes the arrival of the train,- --

Iam skeptical that reflectors on the cars couldcreats

" a significant increase in attracting a motorist's atten-

tion when the crossing is protected by gates (which
cormally have flashing lights on the gate in additicn to
those on the mast); I believe, therefore, that accidenta

. oceurring at gated crossings are very unlikely to be

prevented by refleztors. In some cases, the gate may -
actually block the view of the refiector. s there any -
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Discussion
Louis T. Cerny, Erle Western Railway Company,
. The reflectorization of railrcad rolling stock appears to
" metobe a good idea. Certain factors would make it

apperr even more favorable than the study shows, In
~ mast cases the refiectors would be moving, causing -

-= "< incressed probability of detaction, ard more than ooe =

reflactor is likely to be in view at all times. Ido not
belisve these additional favorabie effests were taken
_ into consideratioa. - ) -

TR Another favorable aspect lllhtui élinincri. gand T
C wpl.icaﬁono!tmnﬂntouhlm-auujobnd, be= - .
M“m@'wm“mwu'%&“fk; :

and flashers alone was oot made?. Derhane the acci-
derto that cccur at gated croseings should be taken as
the Umit of the eltlectiveness of reflectors, rather than

daylight conditions, o

Perhaps a further analysis of category 2 u:c!denu ': 3

" should be made. The paper indicates that in “"some

cases” accidents fell into this category because of a

- "blank in the data Seld." Notes in Table 2 indicate .
that some Adjustment was made, but no justification

is given.. It would appear that 2 similar adjustment

* would be needsd in the "active warning” catagory.

More than four reflectors per car (two per side) - -

. would probably be necded oa cars more than 18 m (60 &) .

long. Common types of cars, such as piggyback, auto-
mobile racks, and automobile parts ears are about 26- -
27 m (85-00 ft) long, ‘It would seem that the maximum

distance between reflsctors should be about 9 m (30 ft),
I feel that answers to these questions, which reflect -

" bath positively and negztively on the project, are worth

‘. LR
Sl

John B. Hopkins, Transportation Systems Center, U.S.De-

. partment of Transportation, Cambridgs, Massachusetts
- McGinnis has carried out a comprebensive and pene-

trating analysis that appears to achieve as defiaitive an
ANSWEr a8 Can reascnably be expacted concerning the

- costs and benefits of rallcar reflectorization. - His paper - - o
" brings out many of the uncertainties that are inherent

to our basic lack of mowledge concerning accident

- - causation, driver behavior, reflector degradationin . - - CE e
.. the rallraad enviroament, etc, . In most cases Ifindats . . _ ... ...

assumpticns and estimates to be quite reasonable. It

'is my purpose in these briel comments to address only - - - .
& fow aspects ia which [ leel the ambiguities are 0. ..
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importact as to warrant special atiention. My aim is
not to criticize, for I have no substantive complaints
with the study. Rather, I wish to emphasize scurces
of uncertainty that I consider to be relevant to inter-
pretation of the results, particularly with reference to
formulation of policy in this area, . e
McGinnis has eflectively placed an upper bound {the
daylight accident rate) on the safety benefits that might
be associated with reflectorization. The question then
_becomes oue of estimating appropriate reductioas from
-<Ms value due to various limitations, One could quibble

‘jﬁ-'ivér matters of beadlight aim, the assumption of low-

/.+beam operation, stopping distances, etc. However,
these are minor points, and they tend to balance coe

another, More complex 15 the need to assess whether -

those accidents identified as relevant are truly caused
by visibility problems of a type that could be mitigated
by reflectors. My subjective view is that reflactor ef-

fectiveness & shown in Table 2 is somewhat optimistic,

or at least represents only a reasonable upper bound,

- particularly at crossings that have active~warning sys-
tems, For example, I find it quite unlikely that 51 per~
cent of the drivers who fail to resposd to comventional
railroad-crossing flashing lights (some with gates) for
night-related reasons will be duterred any more effec-

- Hvely by railear reflectors. - This is a relatively im-

portait question, since Table 3 shows that 46 percent

- “of the expected accident reduction is to occur at such

crossings., - ’ .- -

A factor that affects both cost and effectiveness is
reflector maintenance. One can eovision many possible
maintenance scenarios, each with ita own benefSit-cost

“implications. To my mind, the most realistic assump-

- tion s that of no maintenance at all. This substantially
reduces estimated costs (by 33 percent for the "mini-

mum cost” case and by 60 percent for "maximurm cost'),

while having 2 negative but indeterminate effect on

% safety.” (It is sppropriate to mention here that other
- Ztypes of reflectors could be us2d, - For example, plastic

devices used as highway delineators have somewha® less
derirable optical characteristics in this application, but
they appear to perform well in a rather dirty eoviron-
ment for many years without cleaning or replacement.)
- -In the context of policy formulation; another set of -
factors takes on real significance. These involve the
ellects of other activities that are expected to improve
grade-crossing salety.- For example, there are nov
under way major efforts to irprove both passive- and
active-warning systems and <o achieve more widespread
installation of train-activat+i devices. Reflectorized -

¢ crossbucks, improved flashing lights, and incressed

. use of gates are of obvious significance to the subject,

"~ Serious government and industry consideration s tur-

rently being given to widespread installation of -

.~ locomotive-maunted atrobe lights, which should do -

all that can be done through visibility enhancement to
prevent the accidents McGinnis places in categories 3
and 4 (collisions occurring close to the froot of the -
train). - These represent 31 percent of the total esti-
mated fatality reduction, which would thus be eliminated

_ 48 a potential reflector benefit. There could alsobea. -

very significant impact on categories 1and 2, (t is
bot claimed that strobe lights will necessarily prevent -

B these accidents. However, for potential collisions
- mear the locomotive, if strobes do not help, reflectors

are unlikely to succeed either,) : - - - .
The basic conclusions of the paper, as presented in

- Mgure 6, assure maximum and minfmum cost esti-
" mates,: 1 suggest that for a more realistic estimate

one ghould use a single no-maintenance cost assumption

- that still has two curves, tased oo minimum and maxi- .
- M estimates of banafits. - For the mo-maintenance - = -

scenario, with full consideratico of the Imitations on
potential safety elfectiveness described above, reason-
able minimum and maximum benefits might be approxi-
mately 25 and 75 percent of the values projected in the
paper. . The pet effect of these modifications, wbich re-
duce both costs and benefits, 1s relatively small; I

fafer 2 subjective “most likely'" benefit-cost ratio
probably in excess of 1.0 but less than 2.0, It should

: be noted at this point that the benefits accrue primarily

to society in general and caly to a limited degree to
the railroads. Installation at raflroad expense would -
thus almost certainly have a benefit-cost ratio for them
well below 1.0. From either the societal or rallroad
viewpoint, there may well be cther investments in
crossing salety that can be expected to yield greater )
benefits. To keep this matter in perspective, note
that the above estimates imply a maximum saving of . .
12 to 36 livee/year, prior to eorrection fot geometric i
{actors that could easily diminish the bepefits by anothir

factor of 2to 4. The net effect on crossing safety would . . .

thus be an improvement of approximately 1-2 percent.
Thus, while reflectorization may ultimafe!; prove to be

- aworthwhile step, with significant benerits,” it does

2ot appear to be of major fmportance to crossing safety
in general. o T o )

“Yam in full agreement with the research needs
McGinnis has identified, and I would only add refisctor’
type and cost to the reflector optimization study, At~ -
the same time, the relatively Limited promise of reflec-
torization, and the difficulty of obtaining deficitive
answers to these questions, seems to warrant only a-
modest priority for such research.. . . o

Otto F. Sonefeld, Atchison, Topeka, and Santa Fe =~
Eallway Company, Chicago, llinois - -
As uécms indicated, the reflectorization of railroad -

rolling stock bas been the subject of debate many times
over the past few decades, Arguments favoring re- =~

" flectorization have generally failed to show significant

evidence of the effectiveness af this apprcach, par-

‘ticularly when compared with substantial argument {n

fzvor of other grade-crossing safety activities. .
The McGinnis study is perhaps the most compre-

-~ bensive look at this subject to date, although it leaves

many questions unanswered, - The problem, in my

- opinion, 18 in the attempt to draw fairly firm conclu=
_ sfons from data that do rot lend themselves to such de-

tailed analysis. McGinnis has done & commendable job
under these circumstances, but it ias required making
certain assumptions that I fee] 3kauld be more eritically |
The part of the study that deals with reflector visi-
bility distances appears to be well documented and rez-

"sonable.” One of the shortcomings of previous proposals

for reflectorization has been the inability of engineering- =
grade refiective material to function effectively inthe . -
severe railrond enviroament without diligent mainte--

". mance. The introduction of kigh-intensity retlective

material would seem to diminish this problem, although’
it is not clear that even the use of that material would =

. produce the 0.50 rate of efficiency used in the study, - )
‘The recommended location for the reflactive material . .. . .

s the most severs eavironment on a rajlcar, - -+ - ~ = - -

‘This is bot to say that diligent matrtenance could rot
overcome this problem; however, experience inthe -
sutomatic car identification {ACI) program does not {a
dicate the capability or will of the rail industry to -~
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properly maintain the reflective matorial unisss there
18 a return to the industry [ar greater tian that provided
by the ACT program, Such tenefits are not apparent,

-In any event, the long-term elfectivansss cf the matarisl
seems open to questioc. Certainly, the cost~benefit
nﬂmmﬂhnﬂomdbymeuedme ro-

In the umeveln, anbmshthe reponzckmwledsu
that a motorist may have a problem perceirving the .
recommended light scurce 28 a rallrcad trainon a

" crossing, the perception time used in the report appears

to assume that a motorist immediately recognizes the

_ light scurce as a croasing harard and comes to a prompé '

" halt, Iwould suggest that a train crossing ie unusual
.- ¢nough in the total traific scheme that a longer percep-

. tion time would be required to recognize it for what it is.
. !n developing the “critical point' usod as the basis
for analysis of the FRA accident reports, apparently

vehicls speeds as statad ca the reports are used, Il so, -

it appears that veldcle speeds would tend to be con-
sistently underatated, inasmuch as the accident reports
require speed at the time of impact, ‘not the approach
speed at which the decision to rtop must be made. UI
understand the raticaale behind development af the
- critical point, this would than have the effect of placing
. Mpdmmﬁurmkmmmmwmdnductng -

" . both the oumber of accidenta shown in categories 1 and

, 2 and tie number of vehicles that would realh.e any
benefits from reflectorization. . .
' Highly important are the uaumpuou 1n thln study -
that resultina finding that category 1 accidents at
active-warning crossings are 7.5 times more likely to -
occur at night than during daylight. This further . . -

translatos to a fnding that reflectorization would pre= -

vesut 51 percent, or 130, of these accidents. Raw data .
for 1875, hmar, show a total of 704 nighttime acci-
. deots at uﬂve--:u-ning crossings of the ran-into-train

variety, and 850 during daylight, The exact methodology 7

“ for derivation of the figures in the study is not known, . -
but my reaction {s that the study figures are excuulvely

- high, compared with actual figures.  This, of course, -
. bam a significant effect on tha cott-benellt ana.lyul Ln

the report.

Algo important to thil mmu is u:e mumber of accl- :

dents used as the base figure, that is, potentially pre-
veotable, - U 6:00 p.m, to 6:00 a.m. is a reasonable
period in which to categorize nighttime accidents, the
- FRA report for 1975 shows only 1658 ran-into-train
. - accidents in that period, many of which would involve
* striking the locomotive, _The study, on the other hand,
- appears to b using a base figure of 4823 potentially - -
- preventable u:cidem. Ido no( understand t.bele du-

. fsrences.

Another prab!zm that is acknowbdaed but nct nud
".1in the cost-benefit study is the mumber of crossings at
which vertical and horizontal alignment is such as to

eliminate these crossings as candidases for improve- (T

,mentbynnecwﬂnn(wa I'mldluueltthtme :
Ancther caugory ot accidenu t.hat is not mlcuned

ln the report, but that could possibly be eliminated !rom

consideration for treatment by car reflectorization, is-
those ran-into-train accidents that occurred at 1llumi-

" nated croesings. This involves a minimum of 576 acei= R
o monumwwummmuuynm cross- T

" dents in 1975 (877 in 1977), although the FRA report -
.. does not bruk theu m nim:ne lnd hyught uci- :

dents, - -
t.ha bulc
concept of reflectorizing rolling stock. - Undmbud.ly

~ to this treatment. - Whether they are of the magnitude - -
- Nmm‘hlﬂl study is, in my opinion, a matter that -

.that a beam width

.trollad crossings. I would poirt

s more rigorous examinstion,

MeGinnia correctly suggests further researeh into
various aspects of this mattar. I agree with these sug-
gestions and, as indiceted by my comments in this dis-
cussion, I would also suggest further refinements or -
clarifications of some of the critical factors involved
in the development of cuu and henem: ulocwad with
this ubject -

‘Author’s Closure

udmsnummthnbunnnzumkomm
beadlights shining through the opaces between moving
railcars will affect the resuits of this study; i what -
Cerny says is true, and I think it is, then drivers aided
by these blinking Hghts are already soeing the train and
are safely stopping,  Thus, theymnotbecomlnsm

" agcident statigtics and would not tau:hedbyuu
. potantial benefita of reflectorization.

Cerny indicated a concern about the impact of loco-

" motive headlights on potential reductions of category 3

and 4 accldents from reflectorization. - There are prob- -
lems in the use of locomotive headlights as a mezns of
informing motorists abou! the impending danger of an
approaching train, - Locomotive headlights are placed
close together, giving the impression of a single light,

- and are aimed in a very narrow beam. First, the jack

of space between the two lamps does not allow a -
motorist to judge distance in the way he or she can
with widsly spaced automobile lamps. Secord, the
narrow beam of the locomotive besdlight makes detec-

‘tion of these lights difficult for approaching vehicles,
. In a study conducted on the vigual conspicuity of trains -~ -

at grade crossings (8), Hopkins and Newfsll concluded
upto 150° would be Tequired it .
visibility to & great majority of vehiclea is to be .
achieved.- Very litile light is visible trom a locomo-ﬁ

- tive headlight at angles of greater than 15%to 20°; thu2,’r.

loromotive headlights canrot be assumed to be effective
in providing visibility to approaching vehicles. )

The missing dita responsible for the muchuwea- 5

tion of certaln category 3 accidents into category 2 do -
not seem to be too important in regard to the final study

. resulis. A sensitivity analysis was conducted to de-
- termine the impact of changing perception and reacdon -

time oa accident classification. - This analysis indicated
that the results are very insensitive to reaction and

“perception tirme, which also indicates that the results
- 'ouu be fairly tnuultive to vuhﬂm- lnnhicle lnd

train speeds,

All three dllcunlntl upuued cmccrn about the -
h!;h effectiveness of reflectors shown at actively con- .
out that the analysis - .
indicated that 51 percont of category 1 accldents wuuld -
be eliminnted at active crossings if all crossings had - .
adequate visibitity, - I suspect that more of the ucidenu
at active~-warning crossings than at passive-warning -
crossings ane causad by restricted visibility at grade -
crossings and would not be eliminated by reflectoriza- .
tion, However, this question cannct be answered uniil .

ings, -
hohld qmdonod the source of uunl lnru .

and the exact methodology used in determining them, -
:.2" A more detailed description of the methodology is avaﬂ- S
__there are many crossing situations that lend thnmulvu . e
~ refsrred to by Sonsfeld represent 51 p.muun-zss } s
... category 1 accidents that occurred at night at crossings - -

able in an FRA publication (26). " The 130 accidents -
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